Abstract. The biotin carboxylase component of acetyl CoA carboxylase has been purified approximately 2000 times from Escherichia coli. This protein, which catalyzes the carboxylation of free d-biotin, is free of the biotin-containing carboxyl carrier protein, is homogeneous by polyacrylamide gel electrophoresis and analytical ultracentrifugation, and has been crystallized. Biotin carboxylase, with a molecular weight of approximately 100,000, is composed of two 50,000-dalton subunits. The catalytic capacity of biotin carboxylase is markedly enhanced by ethanol (11 times at 15% v/v), and certain other organic solvents; this may mimic an effector-mediated response. The kinetic effect is exclusively on the maximal velocity of the reaction. Activation by ethanol is reversible and not accompanied by aggregation or disaggregation of the enzyme.
Acetyl CoA carboxylase, a key enzyme in the biosynthesis of fatty acids and other acetogenins, catalyzes the ATP-dependent formation of malonyl CoA from acetyl CoA and bicarbonate (Reaction 3). After the recognition that enzymebound biotin was involved in this reaction,1 investigations with a number of acyl CoA carboxylases2 clarified the role of biotin and showed that the overall process could be partitioned into the following half-reactions:
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Enzyme-biotin-CO2-+ acetyl CoA malonyl CoA + enzyme-biotin (2) Me2 + Overall: HCO3-+ ATP + acetyl CoA malonyl CoA + ADP + Pi (3) In contrast to the biotin enzymes from animal tissues2-5 and yeast,6 which can be isolated as stable multisubunit structures, the acetyl CoA carboxylase from Escherichia coli dissociates during fractionation into two protein components.7 One of these components, Ea, contains covalently-linked biotin and can be carboxylated in the presence of bicarbonate, ATP, and divalent metal ion to give rise to carboxybiotinyl enzyme (Reaction 1). The other protein component, Eb, is presumed to catalyze transcarboxylation from the carboxybiotin pros-thetic group to acetyl CoA to form malonyl CoA (Reaction 2). As reported by Alberts et al., 8 Ea can be further resolved into a biotin-containing polypeptide (carboxyl carrier protein) and a biotin-free enzyme (biotin carboxylase) which catalyzes the carboxylation of the carboxyl carrier protein. In addition, biotin carboxylase catalyzes the ATP-dependent carboxylation of free biotin. This model reaction was first demonstrated in Lynen's laboratory9"10 with bacterial ,3-methylcrotonyl CoA carboxylase and was subsequently found by Stoll et al. to occur with liver acetyl CoA carboxylase.
While citrate is well-established as an allosteric activator of acetyl CoA carboxylase from animal tissues,2-5'" activators of the carboxylase from E. coli or other bacteria are not known. A novel activation of the biotin carboxylasecatalyzed partial reaction by ethanol, and certain other organic solvents, reported in this communication may implicate this component enzyme of the E. coli acetyl CoA carboxylase in the regulation of the overall reaction. Biotin carboxylase has been purified to homogeneity; certain of its molecular, and catalytic characteristics are described in this report.
Materials. E. coli B (full log, enriched medium) were obtained from Grain Processing Corp. biotin-labeled cells was subjected to DEAE-cellulose chromatography as described in Fig. 1 . The elution pattern (Fig. 1) shows that biotin carboxylase, which appears early respectively. The enzyme preparation (812 mg of protein in 25 ml of 10 mM potassium phosphate (pH 7)-i mM EDTA-5 mM 2-mercaptoethanol) was applied to a 4.5 X 40 cm column of DEAE-cellulose. The column was eluted with 10 mM, followed by 200 mM, potassium phosphate, pH 7, containing 1 mM EDTA and 5 mM 2-mercaptoethanol. 20-ml fractions were collected, then assayed for biotin carboxylase activity by method (a), [14C]biotin content, and for protein by measurement of absorbance at 280 nm.
in the "break-through" peak, is well-separated from the fractions containing ["4C biotin (carboxyl carrier protein) and the bulk of the protein applied to the column. The chromatographic behaviour of biotin carboxylase is dramatically altered upon dissociation from the biotin-containing peptide. After resolution, biotin carboxylase is firmly bound at low ionic strength (10 mM K-Pi, pH 7) to cellulose phosphate in the subsequent purification step (Step 5). In contrast, before DEAE-cellulose chromatography the biotin carboxylase-carboxyl carrier protein complex is not retained by cellulose phosphate. Partial resolution of the complex does occur in this procedure; however, only that fraction of the carboxylase which is free of carboxyl carrier protein is retained by the column. The biotin carboxylase-carboxyl carrier protein complex may also be resolved with excess avidin, which has four biotin-binding sites per molecule, followed by affinity chromatography on a column of biocytin Sepharose. ' Fig. 4 ). Since the molecular weight of biotin carboxylase is about 100,000, this enzyme component must be composed of two subunits of identical weight.
Specificity and kinetics: Biotin carboxylase exhibits a high degree of specificity for the naturally-occurring isomer of biotin, as indicated by the relative carboxylation rates of a number of analogues summarized in Table 1 . Due to the high Km (170 mM) for free d-biotin, and the limited supply of certain analogues, it was not possible to make this comparison at saturating concentrations of the analogues. Nevertheless, it is evident that the configuration about the 2-position, the point at which the side-chain joins the thiophane ring, is critical since l-biotin is completely inactive. Furthermore, the importance of the thiophane ring is indicated by the inactivity of dethiobiotin and 2-imidazolidone, as well as the greatly reduced activity caused by substitution of 0 for S in the ring as with 0-heterobiotin. Shortening or lengthening of the side-chain by one methylene group (norbiotin or homobiotin) or addition of a terminal substituent (biotin methyl ester and e-N-d-biotinyl-L-lysine) also markedly reduces, but does not abolish activity. Modification of the ureido group by replacing 0 with S, as with 2 '-thiobiotin, completely blocks activity. The specificity pattern is similar to that of intact bacterial fl-methylcrotonyl CoA carboxylase,9 but differs markedly from that of avian liver acetyl CoA carboxylase where, for example, biocytin is considerably more active than biotin.""2 This, and the fact that the Carboxylation rates were determined as described except that biotin analogues (potassium salts where applicable) were substituted for d-biotin and reaction mixtures contained 10% ethanol. * The rate of carboxylation at a d-biotin concentration of 10 mM is 1.5 /Lmol/min per nm of refractometrically-determined protein.
rates of carboxylation of free biotin catalyzed by both bacterial carboxylases are about 1000 times higher than with the animal carboxylase, indicate that the carboxylation sites of the bacterial and animal enzymes are significantly different.
The Km for free d-biotin, i.e., about 170 mM, is the same for the unresolved biotin carboxylase-carboxyl carrier protein complex (ammonium sulfate-fractionated enzyme;
Step 2) as for the homogeneous biotin-carboxylase component. In the case of the unresolved complex, the covalently attached biotinyl prosthetic group remains carboxylated in the absence of acyl CoA acceptor and might be expected to compete with free biotin at the carboxylation site. Since this does not occur, the carboxylated prosthetic group of the carboxyl carrier protein subunit must be displaced from the specific carboxylation site on the biotin carboxylase subunit. This is consistent with our earlier suggestion23 that carboxylation of the biotinyl prosthetic group, hence acquisition of an anionic site, may promote its expulsion from the carboxylation site and facilitate translocation to a site on the transcarboxylase subunit where carboxyl transfer to acetyl CoA occurs.
The Km values for ATP-1Mg complex and HC03-were 0.11 and 2.9 mM, respectively.
Activation by organic solvents: Ethanol markedly activates the biotin carboxylase-catalyzed reaction. As illustrated in Fig. 5 , the rate of carboxylation of free d-biotin increases linearly with ethanol concentration, reaching a maximum at 15% (v/v) ethanol, which corresponds to an 11-fold rate enhancement. Activation by ethanol (10%) is readily reversible, is independent of pH over the range 6.5-8.5, and is the same whether Mg2+ or Mn2+ is the source of divalent metal ion. The extent of activation is substantially increased by lowering the assay temperature to 2°C, at which point the activation by 15% ethanol is >50-fold. Activation is not specific for ethanol since other organic solvents, namely, methanol, n-propanol, tetrahydrofuran, dioxane, and ethyleneglycol monomethylether produce similar effects at 30°C. The effect of ethanol is exclusively on the 
